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QUANTITATIVE ASSESSMENT OF BONE MARROW
EDEMA PATTERN AND ASSOCIATED CARTILAGE IN
OSTEOARTHRITIC AND ACL-INJURED KNEES USING
MR IMAGING AND SPECTROSCOPY
X. Li1, R.I. Bolbos1, K.J. Lin2, B.C. Ma1, M.D. Ries1, T.M. Link1,
S. Majumdar1
1University of California at San Francisco, San Francisco, CA;
2University of California at Berkeley, Berkeley, CA
Purpose: To quantitatively assess bone marrow edema pattern
and the associated cartilage in osteoarthritic and anterior cruci-
ate ligment injured knees. Speciﬁcally, the objectives were 1) to
quantify water and lipids changes in BMEP using 3D MR spec-
troscopic imaging (MRSI); 2) to assess composition changes
in BMEP-overlying and surrounding cartilage using T1rho mea-
surements.
Methods: Eight healthy volunteers, 10 patients with knee OA
and 14 with ACL-tears were studied. All patients had BMEP.
The patients with ACL injuries were scanned within two months
of the injury and prior to surgery. All images were acquired
at a 3T GE MR scanner. The imaging protocol included sagit-
tal T2-weighted fat-saturated FSE images, sagittal 3D water
excitation high-resolution SPGR images and 3D T1rho quanti-
tation sequences. 3D MRSI data were obtained using a Point
REsolved Spectral Selection (PRESS) volume selection tech-
nique, with spectral box covering BMEP as much as possible,
and to include some normal-appearing bone marrow as inter-
nal references. Cartilge was segmented semi-automatically in
SPGR images. 3D cartilage contour was overlaid to aligned
T1rho maps. T1rho z-scores (normalized T1rho values using
control data) from BMEP-overlying cartilage were calculated and
compared with surrounding cartilage in the same compartment.
Water, saturated-lipids and unsaturated lipids were quantiﬁed
from 3D MRSI data. Volumes of signiﬁcantly elevated water
and unsaturated lipids were calculated for each patient. Water
content, deﬁned as water/(water+lipids), and unsaturation index,
deﬁned as unsaturated lipids/total lipids, were calculated within
and outside BMEP.
Results: The mean T1rho z-scores of BMEP-overlying cartilage
in lateral tibia of patients with ACL tears was signiﬁcantly higher
than that in surrounding cartilage (2.2 ± 3.1 vs. 0.3 ± 2.3, P
< 0.001). However, no signiﬁcant difference was observed in
lateral femoral condyle compartment of patients with ACL tears.
The mean T1rho z-score in BMEP-overlying cartilage was higher
than that of surrounding cartilage in patients with OA, but not
signiﬁcantly (1.9 ± 3.1 vs. 1.0 ± 2.1, P = 0.37). The volume of
elevated water correlated signiﬁcantly with the volume of BMEP
(R=75.5%, P < 0.001). The water content was signiﬁcantly higher
within BMEP than that outside BMEP (21.8 ± 9.9% vs. 14.3 ±
5.9%, P = 0.002). The unsaturation index was also higher within
BMEP than that outside BMEP, but with an edge signiﬁcance
(3.7 ± 3.5% vs. 2.3 ± 1.2%, P = 0.088). The unsaturation index
outside BMEP in patients with ACL tears was signiﬁcantly higher
than that outside BMEP in patients with OA (2.7 ± 1.3% vs. 1.7
± 0.8%, P = 0.04).
Conclusions: 3D MRSI in bone marrow and T1rho quantiﬁcation
in cartilage provide quantitative assessment of cartilage and
bone in knee OA and knee injuries. Higher T1rho in BMEP-
overlying cartilage may be indicator of cartilage degeneration
in these regions. Signiﬁcantly elevated water and unsaturation
lipids were observed in BMEP using 3D MRSI. BMEP in acute
injuries (ACL-tear) may have different biochemical composition
(changes in water and lipids) from those lesions in OA. The
ACL-injured patients are currently being followed up in order to
investigate the longitudinal changes in BMEP and cartilage.
Acknowledgement: The Aircast Foundation, NIH K25
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CONDITION IN PATIENTS WITH NORMAL AND INJURED
KNEE JOINTS
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1Osaka University Medical School, Osaka, Japan; 2Institute of
Biomedical Research and Innovation, Kobe, Japan
Purpose: The articular cartilage in the knee joint provides load-
bearing function in conjunction with the interposed meniscus,
and disorder of articular cartilage or meniscus may cause ab-
normal response to applied external load. We have developed a
loading apparatus that applies an axial load to the knee joint dur-
ing MR imaging, in order to simulate physiological load-bearing
conditions of standing. The purpose of this preliminary study was
to assess load-bearing function of normal and injured knee joints
by the MR imaging under mechanical loading system, using
cartilage T2 as a surrogate of cartilage matrix changes.
Methods: There were 22 volunteers (9 men and 13 women) with
normal knee joints and ﬁve male patients with knee abnormality.
The diagnosis of patients by arthroscopy was as follows; Patient 1
and 2: medial meniscus tear, Patient 3: anterior cruciate ligament
(ACL) tear, Patient 4: lateral meniscus deﬁciency, Patient 5:
medial and lateral meniscus tear with ACL tear. The mean age
of the volunteers and the patients were 25 years (21 to 43)
and 34 years (31 to 44), respectively. The study was approved
by the Institutional Review Board. The knee joint was imaged
under unloading and loading conditions, using a 3.0 T MR
imaging scanner (GE Healthcare, WI) and a home-built 14-
cm transmit-receive birdcage coil. The subject was laid on a
custom-made loading apparatus, which had a pulley system
linked to a sliding foot plate, and 50% of the body weight
was applied cranially via the foot plate, on loading condition.
On unloading and loading conditions, one sagittal T2 map at
each medial and lateral femoro-tibial joint was obtained from
multi-echo spin echo sequence with fat-suppression (TR=1500
ms, 8 TEs between 15-120 ms, 3-mm section thickness, in-
plane resolution=0.23mm). Three regions of interest (ROIs) in
the femoral cartilage (Z1,Z2,Z3) and tibial cartilages (Z4,Z5,Z6)
at the weight-bearing portion for the medial and lateral joint
were manually deﬁned using the anterior and posterior meniscus
as an anatomical landmark (Fig. 1A). Change of T2 values by
loading was calculated as (T2 value on loading -T2 value on
unloading)/T2 value on unloading X100 (%).
Results: In the normal knees, average T2 changes by loading
at Z1/Z2/Z3/Z4/Z5/Z6 were -0.5/-4.1/-0.4/-4.6/-6.2/-6.0% in the
medial joint, and -1.0/-2.7/-0.2/-5.7/-2.8/-0.6% in the lateral joint
(Fig 2). T2 change by loading was statistically signiﬁcant at Z2,
Z4, Z5 and Z6 (p<0.005) in the medial joint, and at Z2 and
Z4 (p<0.05) in the lateral joint. When T2 change by loading
beyond the mean ± one standard deviation range of the normal
volunteers was assumed to be abnormal, four of the ﬁve patients
showed abnormal T2 change by loading (Fig. 2, Fig. 1B). Patient
1 and 2 with medial meniscus tear showed T2 increase adversely
in the medial tibia cartilage. Patient 3 and 5 showed excessive
decrease of T2 mainly in the cartilage zones uncovered by the
meniscus (Z2 and Z5).
Figure 1. A. Deﬁnition of ROIs. B. MR images of Patient 4.
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Abstract 320 – Figure 2. Point and error bar show mean and SD of T2 change of the normal volunteers at each ROI. Abnormal value of T2 change in the patients is
shown by the circle containing the Patient number.
Conclusions: The present ﬁndings indicated clinical feasibility
of MR imaging on loading in detecting cartilage matrix change in
response to loading. From abnormal responsiveness of loading in
the injured knees, T2 evaluation under loading will be expected
to allow biomechanical assessment of pathological condition
related with localized stress concentration. Further studies with
larger numbers of subjects are required to clarify inﬂuence of
meniscus or ligament abnormality on load distribution change in
the cartilage.
321
TOTAL HIP REPLACEMENT AS AN ENDPOINT OF OA
CAN BE PREDICTED BY ANALYSIS OF BONE SHAPE
J.H. Waarsing, J.C. van der Linden, M.C. Castano,
R.M. Rozendaal, J.A. Verhaar, G.J. van Osch,
S.M. Bierma-Zeinstra, H. Weinans
Erasmus Medical Center, Rotterdam, The Netherlands
Purpose: One of the problems that OA research is faced with
is the poor predictability of development and progression of the
disease. Exemplary is the distinction between clinical OA and
radiological OA. The pain and loss of function as experienced by
the patient is poorly related to Kellgren & Lawrence Scores as
derived from x-ray images. Still assessment of radiological OA
is standard diagnostic practice. Although radiological OA does
not relate to clinical OA, many studies have shown that changes
in bone shape and density are related to progression of the
disease, suggesting that current radiological scoring methods
may not be speciﬁc or sensitive enough.
In this study we aim to ﬁnd shape and density characteristics of
the hip that relate to clinical OA and can be used as predictors of
progression of OA using so-called Statistical Appearance Models
of the proximal femur.
Methods: Statistical Appearance Models (SAM) were created
from contours around the proximal femur in DXA images of
the hips. The method results in a set of independent modes
that together quantitatively describe the total shape and density
distribution, while each mode separately describes a speciﬁc
characteristic of the shape or density.
The DXA images formed part of the GOAL cohort. In GOAL,
200 patients were included on their ﬁrst visit to the physician
with complaints of the hip. DXA images and x-rays were made
at baseline and at two year follow-up. At both time points VAS
pain and WOMAC questionnaires were taken to obtain clinical
information on pain, stiffness and function. After two years 18
patients had received a total hip replacement (THR).
Progression of OA was deﬁned as having received a THR at
follow-up.
Multivariate Stepwise regression using 4-fold cross-validation
was used to predict the need for a THR at follow-up. Cross-
validation ensured that stepwise regression did not result in
over-ﬁtting of the data.
Results: The model for prediction of THR at follow-up included
VAS pain-score, the difference between JSW of the affected and
non-affected side (dJSW), and the two shape modes. The total
logistic model resulted in 96% correct classiﬁcations in the test
sets, consisting of 99% correct classiﬁcations for the cases that
did not get a THR, and 60% correct classiﬁcations for the cases
that received a THR (Figure 1). Models that excluded dJSW or
the shape modes resulted in less correct classiﬁcations for the
THR cases (40%, p<0.001). A model that used VAS combined
with the traditional radiological measures JSW and K&L, scored
even less (30%), of which K&L did not have any contribution to
the prediction.
Figure 1
One shape mode reﬂected the transition from neck to head, a
more gradual transition was associated with increased risk of
THR. The other shape mode reﬂected differences in neck-length
between affected and non-affected side. A shorter neck on the
affected side associated with an increased risk for THR.
Conclusions: This study shows that progression of OA is indeed
related to bone shape of which the traditional measures of radi-
ological OA are not the optimal surrogates. It is interesting that
some of the parameters are better predictors when used as the
difference between left and right, rather than the measure itself.
This could indicate progressive changes in the hip (dJSW) or
indicate inherent left/right differences in geometry that stimulate
development of OA.
We showed that bone shape has strong additional power to
predict progression of OA, which could prove invaluable for
future OA related research.
